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MULTILAYER CERAMIC ELECTRONIC
PARTS WITH CONDUCTIVE RESIN

CROSS-REFERENCE TO RELATED
APPLICATION(S) S

This application claims benefit of priority to Korean
Patent Application No. 10-2019-0115900 filed on Sep. 20,

2019 1n the Korean Intellectual Property Oflice, the disclo-

sure¢ of which 1s incorporated herein by reference in its 10
entirety.
BACKGROUND
1. Field .

The present mventive concept relates to a multilayer
ceramic electronic component with high bending strength
and electrical conductivity. 20

2. Description of Related Art

A multilayer ceramic capacitor 1s a type ol ceramic
clectronic component that may include a plurality of dielec- 55
tric layers, internal electrodes disposed to oppose each other
with the dielectric layers interposed therebetween, and
external electrodes electrically connected to the internal
clectrodes.

The internal electrodes and the external electrodes are 30
manufactured using paste containing a conductive metal
powder, 1n general.

A multilayer ceramic capacitor 1s widely used as a com-
ponent of a mobile communications device such as a com-
puter, a personal digital assistant (PDA), and a mobile phone 35
due to its small size, high capacity, and ease of mounting.

Meanwhile, with the recent increase in industrial interest
in electronic components, multilayer ceramic capacitors also
require characteristics of hugh reliability and high strength to
be used 1n automotive or mfotainment systems. 40

In a multilayer ceramic capacitor, a conductive resin layer
1s applied to an external electrode to withstand vibrations of
a vehicle body, physical shocks, and thermal shocks such as
high temperature and high humaidity.

A polymer material such as epoxy 1s applied to the 4s
conductive resin layer to improve impact resistance, and a
metal powder may be mixed with a polymer material to
implement electrical characteristics.

As the metal powder, a single component such as copper
(Cu), tin (Sn), nickel (N1), silver (Ag), or the like, or a 50
mixture are being studied, and the research into Sn, a low
melting point metal powder, 1s being actively conducted.

In recent research, Sn powder, a low melting point metal
powder, and Cu powder, a high melting point metal powder,
are applied, and a heat-treatment 1s performed at a tempera- 55
ture equal to or greater than a melting point of Sn to form a
Cu—Sn alloy. Thus, interfacial adhesion with an electrode
layer disposed there below 1s improved and electrical con-
ductivity 1s increased.

However, 11 the content of Sn 1s high, due to network 60
formation between Sn, a problem may occur in which the
impact resistance of a conductive resin layer may be
degraded.

Theretfore, even 1 only a small amount of Sn 1s included,
research 1s required to improve the interfacial adhesion with 65
a lower electrode layer and to increase the electrical con-
ductivity.

2
SUMMARY

An aspect of the present inventive concept 1s to provide a
multilayer ceramic electronic component with high bending
strength and electrical conductivity.

According to an aspect of the present inventive concept,
a multilayer ceramic electronic component includes a
ceramic body having a dielectric layer and an internal
clectrode, an electrode layer connected to the iternal elec-
trode, and a conductive resin layer disposed on the electrode
layer and including a conductive metal, a metal having a
lower melting point than the conductive metal, a conductive
carbon, and a base resin. The conductive carbon 1s included
in the conductive resin layer in an amount of 0.5 to 3.0 parts
by weight based on 100 parts by weight of the conductive
metal.

According to another aspect of the present inventive
concept, a multilayer ceramic electronic component includes
a ceramic body having a dielectric layer and an internal
clectrode, an electrode layer connected to the internal elec-
trode, and a conductive resin layer disposed on the electrode
layer and including a conductive metal, a metal having a
lower melting point than the conductive metal, a conductive
carbon, and a base resin. The conductive resin layer has a
composition having two peaks in Raman analysis thereof.

According to another aspect of the present inventive
concept, a multilayer ceramic electronic component includes
a ceramic body having first internal electrodes and second
internal electrodes that are alternately stacked with dielectric
layers disposed therebetween, and first and second external
clectrodes disposed an external surface of the ceramic body
and respectively connected to the first and second internal
clectrodes. Each of the first and second external electrodes
includes a conductive resin layer including a conductive
metal, a metal having a lower melting point than the
conductive metal, a conductive carbon, and a base resin, and
the content of the conductive carbon 1n the conductive resin
layer 1s 0.4 wt % to 5.0 wt %.

According to another aspect of the present inventive
concept, a multilayer ceramic electronic component includes
a ceramic body having a dielectric layer and an internal
clectrode, an electrode layer connected to the iternal elec-
trode, and a conductive resin layer disposed on the electrode
layer and including tin (Sn), a conductive metal having a
melting point higher than tin (Sn), a base resin, and graphene
or carbon black. The tin (Sn) 1s included 1n the conductive
resin layer 1n an amount of 10 to 50 parts by weight based
on 100 parts by weight of the conductive metal 1n the
conductive resin layer.

BRIEF DESCRIPTION OF DRAWINGS

The above and other aspects, features and other advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description, taken 1n
conjunction with the accompanying drawings, 1n which:

FIG. 1 1s a perspective view illustrating a multilayer
ceramic capacitor according to an embodiment of the pres-
ent disclosure;

FIG. 2 1s a cross-sectional view taken along line A-A' of
FIG. 1;

FIG. 3 1s an enlarged view of region P of FIG. 2;

FIG. 4 1s a schematic enlarged view 1illustrating graphene,
as used 1n one configuration of the present disclosure;
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FIG. 5 1s a graph illustrating a nuclear magnetic resonance
(NMR) analysis result of external electrode paste including

graphene according to an embodiment of the present dis-
closure;

FIG. 6 15 a graph 1llustrating a Raman analysis result with
respect to a conductive resin layer including graphene
according to an embodiment of the present disclosure; and

FIG. 7 1s a cross-sectional view according to an additional
embodiment.

DETAILED DESCRIPTION

Hereinaiter, embodiments of the present disclosure will
be described as follows with reference to the attached
drawings.

The present disclosure may, however, be exemplified in
many different forms and should not be construed as being
limited to the specific embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the scope
of the disclosure to those skilled 1n the art.

Throughout the specification, it will be understood that
when an element, such as a layer, region, or water (sub-
strate), 1s referred to as being “on,” “connected to,” or
“coupled to” another element, 1t can be directly *“on,”
“connected to,” or “coupled to” the other element or other
clements intervening therebetween may be present. In con-
trast, when an element 1s referred to as being “directly on,”
“directly connected to,” or “directly coupled to” another
clement, there may be no elements or layers intervening
therebetween. Like numerals refer to like elements through-
out. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed 1tems.

It will be apparent that though the terms first, second,
third, etc. may be used herein to describe various members,
components, regions, layers, and/or sections, these mem-
bers, components, regions, layers, and/or sections should not
be limited by these terms. These terms are only used to
distinguish one member, component, region, layer, or sec-
tion from another member, component, region, layer, or
section. Thus, a first member, component, region, layer, or
section discussed below could be termed a second member,
component, region, layer, or section without departing from
the teachings of the exemplary embodiments.

Spatially relative terms, such as “above,” “upper,”
“below,” and “lower” and the like, may be used herein for
case ol description to describe one element’s positional
relationship relative to another element(s) in the orientation
shown 1n the figures. It will be understood that the spatially
relative terms are intended to encompass diflerent orienta-
tions of the device and figures 1n use or operation 1n addition
to the orientation depicted in the figures. As such, 1t the
device in the figures 1s turned over, elements described as
“above” or “upper” relative to other elements would then be
oriented “below” or “lower” relative to the other elements or
teatures. Thus, the term “above” can encompass both the
above and below orientations depending on a particular
direction of the device or figures. The device and figures
may be otherwise oriented (rotated 90 degrees or at other
orientations) and the spatially relative descriptors used
herein may be mterpreted accordingly.

The terminology used herein describes particular embodi-
ments only, and the present disclosure 1s not limited thereby.
As used herein, the singular forms “a,” “an,” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises,” and/or “comprising” when
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used 1n this specification, specily the presence of stated
features, integers, steps, operations, members, clements,
and/or groups thereot, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, members, elements, and/or groups thereof.

Heremaiter, embodiments of the present disclosure waill
be described with reference to schematic views shown in the
drawings and 1illustrating embodiments of the present dis-
closure. In manufactured devices, for example due to manu-
facturing techniques and/or tolerances, modifications of the
shapes of devices may expected relative to the shapes shown
in the drawings. Thus, embodiments of the present disclo-
sure should not be construed as being limited to the par-
ticular shapes of regions shown heremn, but may more
generally be understood to include changes 1n shape result-
ing from manufacturing process or tolerances. The follow-
ing embodiments may also be constituted by one or a
combination thereof.

The contents of the present disclosure described below
may have a variety of configurations and only illustrative
configurations are shown and described herein, but the
disclosure 1s not limited thereto.

Preferred embodiments of the present disclosure will
heremnafter be described with reference to the attached
drawings.

FIG. 1 1s a perspective view illustrating a multilayer
ceramic capacitor according to an embodiment of the pres-
ent disclosure.

FIG. 2 1s a cross-sectional view taken along line A-A' of
FIG. 1.

FIG. 3 1s an enlarged view of region P of FIG. 2.

Referring to FIGS. 1 to 3, a multilayer ceramic electronic
component 100 according to an embodiment of the present
disclosure includes a ceramic body 110 including dielectric
layers 111 and internal electrodes 121 and 122, electrode
layers 131a and 1315 connected to the internal electrodes
121 and 122, and conductive resin layers 132a and 1325
formed on the electrode layers 131q and 1315 and including
a conductive metal 324, a metal 326 having a lower melting
point than the conductive metal 32a, a conductive carbon
32¢, and a base resin 32d.

In detail, the multilayer ceramic electronic component
includes the ceramic body 110 including the dielectric layers
111, first and second internal electrodes 121 and 122 alter-
nately stacked to face each other with the dielectric layers
111 interposed therebetween 1n the ceramic body 110, a first
clectrode layer 131q electrically connected to the first inter-
nal electrode(s) 121, a second electrode layer 1315 electri-
cally connected to the second internal electrode(s) 122, a
first conductive resin layer 132a formed on the first elec-
trode layer 131qa, and a second conductive resin layer 13256
formed on the second electrode layer 1315, while the first
conductive resin layer 132a and the second conductive resin
layer 1326 each include a conductive metal 32a, a metal 325
having a lower melting point than the conductive metal 32a,
a conductive carbon 32¢, and a base resin 324d.

The first and second conductive resin layers 132a and
1326 are formed by applying external electrode paste includ-
ing a conductive metal 32q, a metal 326 having a lower
melting point than the conductive metal 324, a conductive
carbon 32¢, and a base resin 324, while the conductive
carbon 32c¢ 1s included 1n an amount of 0.5 to 5.0 parts by
weilght based on 100 parts by weight of the conductive metal
32a.

The metal 326 having a lower melting point than the
conductive metal 32a may be tin (Sn), and the tin (Sn) may
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be included 1n an amount of 10 to 50 parts by weight based
on 100 parts by weight of the conductive metal 32a.

Moreover, the conductive carbon 32¢ may be at least one
of graphene, carbon nanotubes, and carbon black. In par-
ticular, the conductive carbon 32¢ may be graphene.

The metal 326 having a lower melting point than the
conductive metal 32q and the conductive carbon 32¢ will be
described later.

The base resin 324 1s not particularly limited as long as
the bonding properties and shock absorption are provided,
and the base resin 1s mixed with powder of the conductive
metal 32a to make paste, and may include, for example, an
CpOXy resin.

The base resin 32d may be included 1n an amount of 5 to
30 parts by weight based on 100 parts by weight of the
conductive metal.

If the content of the base resin 324 1s less than 5 parts by
weight, 1t may be diflicult to perform a paste manufacturing,
operation due to lack of resin, phase stability 1s lowered to
cause phase separation or viscosity change on standing,
dispersibility of metals 1s lowered to reduce a filling rate,
and thus a decrease 1 density may be caused. I the content
of the base resin 32d exceeds parts by weight, due to the
excessive resin content, the intermetallic contact 1s lowered
to increase specific resistance, and an area of a resin 1 a
surface portion 1s increased. Thus, when the first and second
conductive resin layers 132q and 13256 are formed to form a
plating layer, the unplating problem may occur.

According to the related art, in a multilayer ceramic
capacitor for an electrical device, a conductive resin layer 1s
applied to an external electrode to withstand vibrations of a
vehicle body, physical shocks, and thermal shocks such as
high temperature and high humaidity.

In general, when a conductive resin layer 1s disposed 1n an
external electrode of a multilayer ceramic capacitor, a con-
ductive resin layer 1s manufactured to cover the entirety of
an electrode layer electrically connected to an internal
clectrode, so a current tlows through a conductive resin layer
for electrical conduction with the outside.

The conductive resin layer may be formed by including a
conductive metal for securing electrical conductivity and a
base resin for shock absorption. When the conductive resin
layer includes a base resin, durability against external
stimuli, such as warpage of a multilayer ceramic electronic
component may be improved.

A polymer material such as an epoxy i1s applied to the
conductive resin layer to improve impact resistance, and
metal powder 1s mixed with a polymer material to 1mple-
ment electrical conductivity characteristics.

As a metal powder, a single component such as Cu, Sn,
N1, Ag, or the like, or a mixture thereof are being studied,
and the research on Sn, a low melting point metal powder,
1s being actively conducted.

In the recent research, Sn powder, which 1s a metal
powder having a low melting point, and Cu powder, which
1s a metal powder having a high melting point (e.g., higher
than the melting point of Sn powder), are applied, and a
heat-treatment 1s performed at a temperature equal to or
greater than a melting point of Sn to form a Cu—=Sn alloy.
Thus, interfacial adhesion with an electrode layer disposed
below 1s improved and electrical conductivity 1s increased.

However, 11 the content of Sn 1s high, due to network
formation between Sn, a problem in which the i1mpact
resistance of a conductive resin layer may be degraded.

However, according to an embodiment of the present
disclosure, the first and second conductive resin layers 132a
and 1325 each include a conductive metal 32a, a metal 325
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having a lower melting point than the conductive metal 32a,
a conductive carbon 32¢, and a base resin 324, and the
conductive carbon 32c¢ 1s included 1n an amount of 0.5 to 5.0
parts by weight based on 100 parts by weight of the
conductive metal 32a. Thus, even when only a small amount
of Sn 1s 1included, bending strength could be improved, and
a multilayer ceramic electronic component having high
clectrical conductivity could be implemented.

That 1s, the metal 325 having a lower melting point than
the conductive metal 32a may be tin (Sn), and the tin (Sn)
may be included 1n an amount of 10 to 50 parts by weight
based on 100 parts by weight of the conductive metal 32a.

Moreover, the conductive carbon 32¢ may be at least one
of graphene, carbon nanotubes, and carbon black. In par-
ticular, the conductive carbon 32¢ may be graphene.

In detail, the first and second conductive resin layers 132a
and 1325 mclude 0.5 to 3.0 parts by weight of the conductive
carbon 32¢ based on 100 parts by weight of the conductive
metal 32a, so the bending strength of the multilayer ceramic
capacitor according to an embodiment of the present dis-
closure 1s improved, and the electrical conductivity 1s also
increased.

I1 the content of the conductive carbon 32c¢ 1s less than 0.5
parts by weight, a multilayer ceramic electronic component
with low equivalent series resistance could not be 1mple-
mented, and, due to network formation between Sn, impact
resistance may be degraded.

Meanwhile, 1f the content of the conductive carbon 32c¢
exceeds 5.0 parts by weight, during formation of a plating
layer 1n an upper portion of the first and second conductive
resin layers 132a and 1325, the unplating defect or fixing
strength degradation may occur.

When the content of the conductive carbon 32¢ 1s repre-
sented by the content mncluded i paste of an external
electrode, the content of the conductive carbon 32¢ corre-
sponds to the content of about 0.4 wt % to 5.0 wt %. In this
case, 1f the content of the conductive carbon 32c¢ 1s less than
0.4 wt %, a multilayer ceramic electronic component with
low equivalent series resistance as described above could
not be implemented, and 1impact resistance degradation may
OCCUL.

Meanwhile, 1f the content of the conductive carbon 32c¢
exceeds 5.0 wt %, during formation of a plating layer 1n an
upper portion of the first and second conductive resin layers
132a and 1325, the unplating defect or fixing strength
degradation may occur.

In detail, 1 the content of the conductive carbon 32¢
exceeds 5.0 wt %, due to a resin shortage phenomenon
inside the first and second conductive resin layers 132a and
1325, a viscosity ratio becomes high. Thus, when paste for
formation of a conductive resin layer 1s applied to an exterior
of a body, a corner portion of the body becomes thin, so
moisture resistance characteristics are degraded, and a prob-
lem of reduced reliability may thus occur.

Tin (Sn), a metal 326 having a lower melting point than
the conductive metal 324, 1s included 1n an amount of 10 to
50 parts by weight based on 100 parts by weight of the
conductive metal 32a, and thus interfacial adhesion between
the electrode layers 131a and 1316 and the conductive resin
layers 132a and 1325 1s improved, so bending strength could
be 1mproved.

If the tin (Sn), the metal 326 having a lower melting point
than the conductive metal 324, 1s included 1in an amount less
than 10 parts by weight based on 100 parts by weight of the
conductive metal 324, interfacial adhesion between an elec-
trode layer and a conductive resin layer 1s lowered, so a
problem related to bending strength may occur.
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Meanwhile, it the tin (Sn), the metal 3256 having a lower
melting point than the conductive metal 32a, 1s included in
an amount greater than 50 parts by weight based on 100
parts by weight of the conductive metal 32a, due to network
formation between Sn, impact resistance degradation may
OCCUL.

Referring to FIG. 3, in the conductive resin layers 1324
and 1325, the conductive carbon 32¢ may be provided 1n the
form dispersed in the base resin 324, and may be adsorbed
on a surface of the conductive metal 32a.

Moreover, the conductive carbon 32¢ may connect the
conductive metal 32a to the tin (Sn), the metal 325 having
a lower melting point than the conductive metal 32a.

As the conductive carbon 32¢ connects the conductive
metal 32a to the tin (Sn), the metal 326 having a lower
melting point than the conductive metal 32a, while interfa-
cial adhesion between the electrode layers 131aq and 1315
and the conductive resin layers 132aq and 13256 1s improved
due to a small amount of tin (Sn), high electrical conduc-
tivity 1s also ensured due to the conductive carbon 32c.

Moreover, the conductive carbon 32¢ 1s provided in the
tform dispersed 1n the base resin 324, and thus an 1increase 1n
equivalent series resistance (ESR) of a multilayer ceramic
clectronic component due to the base resin 324 may be
oflset.

In detail, the conductive carbon 32¢ with excellent elec-
trical conductivity and low specific resistance 1s dispersed in
the base resin 324 for decreasing equivalent series resistance
(ESR), and thus the equivalent series resistance (ESR) of the
multilayer ceramic electronic component may be lowered.

Meanwhile, the conductive carbon 32¢ may be graphene.
When the conductive carbon 32¢ 1s graphene, 1n the con-
ductive resin layers 132aq and 1325, the graphene may be
dispersed 1n a plate shape.

Since the graphene 1s dispersed 1n a plate shape 1nside the
first and second conductive resin layers 132a and 1325, a
specific surface area 1s large, so an eflect of reduction of
equivalent series resistance (ESR) of a multilayer ceramic
clectronic component may be more excellent.

According to the related art, in order to solve a problem
in which the equivalent series resistance (ESR) of a multi-
layer ceramic electronic component 1s increased due to a
conductive resin layer included i an external electrode,
attempts have been made to include carbon nanotubes
(CNT) 1n a conductive resin layer.

The carbon nanotubes (CNT) are manufactured to include
at least one between a single-wall carbon nanotube and a
multi-wall carbon nanotube.

However, the carbon nanotubes (CNT) have a filled or
empty column shape, or a pipe shape having a passage
therein. In this regard, 11 the carbon nanotubes (CNT) are not
included 1n an amount equal to or greater than a certain
amount, the eflect of a reduction of equivalent series resis-
tance (ESR) of a multilayer ceramic electronic component 1s
not significant.

Moreover, to allow mtermetallic contact and tunneling in
a conductive resin layer, the dispersion in paste of an
external electrode 1s required.

On the other hand, if the content of carbon nanotubes
(CNT) 1s excessive 1in order to increase an eflect of reduction
of equivalent series resistance (ESR) of a multilayer ceramic
clectronic component, a problem related to dispersion of
carbon nanotubes (CNT) in paste of an external electrode
may occur.

Moreover, 1f the content of the carbon nanotubes (CNT)
1s excessive, during formation of a plating layer in an upper
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portion of a conductive resin layer, a problem of the unplat-
ing defect or fixing strength degradation may occur.

In addition, 11 the content of the carbon nanotubes (CN'T)
1s excessive, the content of a base resin contained 1 a
conductive resin layer 1s relatively small, and thus an impact
mitigation eflect due to the elasticity of the conductive resin
layer cannot be obtained.

However, according to an embodiment of the present
disclosure, as a conductive carbon 32c¢ 1n the first and second
conductive resin layers 132a and 1325, graphene 32¢ having
a plate shape of which specific surface area 1s large 1is
included, so an eflect of reduction of equivalent series
resistance (ESR) of a multilayer ceramic electronic compo-
nent may be more excellent.

That 1s, since the graphene 32¢ according to an embodi-
ment of the present disclosure has a plate shape and a
specific surface area thereof 1s large, as compared with
carbon nanotubes, only a small amount of graphene could be
used to obtain an excellent effect of reduction of equivalent
series resistance (ESR) of a multilayer ceramic electronic
component.

Moreover, since a small amount of the graphene 32¢ has
higher electrically-conductive characteristics as compared
with carbon nanotubes, the graphene could be uniformly
dispersed during manufacturing of paste of an external
clectrode, so rehiability may be excellent.

Moreover, the first and second conductive resin layers
132a and 1325 include a content of graphene 32¢ 1n a certain
range as a conductive carbon, and thus, during formation of
a plating layer above, a problem of the unplating defect or
fixing strength degradation may not occur.

In addition, even when the first and second conductive
resin layers 132a and 132) include a small amount of
graphene 32¢, an eflect of reduction of equivalent series
resistance (ESR) of a multilayer ceramic electronic compo-

nent could be obtained, so the content of a base resin could
be included 1n a manner similar to the related art. Thus, an
impact mitigation etfect due to the elasticity of the conduc-
tive resin layer could be obtained 1n a manner similar to the
related art.

Moreover, as described above, the first and second con-
ductive resin layers 132aq and 13254 include a conductive
metal 32a and tin (Sn), and the metal 326 having a lower
melting point than the conductive metal 32q, and the con-
ductive carbon 32¢ connects the conductive metal 32a and
tin (Sn) 3256, so bending strength of a multilayer ceramic
capacitor could be improved and high electrical conductivity
could be implemented.

As the conductive carbon, a length of a long axis of the
graphene 32¢ 15 0.2 nm to 10 um, and a length of short axis
thereof 1s 0.2 nm to 10 um, but 1t 1s not necessarily limited
thereto.

According to an embodiment of the present disclosure,
the graphene 32¢ may be provided as at least one piece of
graphene disposed 1n an area of 1 umx1 um (widthxheight)
in the first and second conductive resin layers 132a and
1326. For example, the amount of graphene 32¢ may be
provided 1n the first and second conductive resin layers 132a
and 1325 1n a suflicient concentration such that at least one
piece of graphene 1s disposed 1 an area of 1 umx1l pum
(widthxheight) 1n a cross-section of the first and second
conductive resin layers 132q and 1325.

Measurement of the graphene 32¢ 1s not particularly
limited, and, for example, the graphene may be measured 1n
an area of 1 umx1 um (widthxheight) 1n the first and second
conductive resin layers 132q and 1325.
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For example, regarding measurement of the graphene 32¢
in an area of 1 umx1 pum (widthxheight) in the first and
second conductive resin layers 132q and 1325, an 1image of
a cross-section 1n a length-thickness direction of a multilayer
ceramic capacitor 1s scanned using a transmission electron
microscope (IEM) to perform measurement.

In detail, the graphene 32¢ 1s measured in an area of 1
umx1 pum (widthxheight) for acquisition of a region of the
first and second conductive resin layers 132a and 1325
extracted from an i1mage, in which a cross-section 1 a
length-thickness (LL.-T) direction, cut 1n the center 1n a width
(W) direction of a multilayer ceramic capacitor, 1s scanned
using a transmission electron microscope (TEM).

FI1G. 4 15 a schematic enlarged view illustrating graphene,
as may be used in one configuration of the present disclo-
sure.

Referring to FIG. 4, the graphene 32¢ may have a form in
which a plurality of plate-shaped structures are stacked.

Since a specific surface area of each plate-shaped struc-
ture 1s large, with only a small amount of the graphene 32¢
having a form 1n which a plurality of plate-shaped structures
are stacked, an effect of reduction of equivalent series
resistance (ESR) of a multilayer ceramic electronic compo-
nent may be excellent.

That 1s, the graphene 32¢ with low specific resistance and
excellent electrical conductivity has a plate-shaped structure
in which a specific surface area 1s large, and respective
plate-shaped structures are stacked as a plurality of plate-
shaped structures, and thus, with only a small amount of
graphene, an etlect of reduction of equivalent series resis-
tance (ESR) of a multilayer ceramic electronic component
may be excellent.

In addition, even when the first and second conductive
resin layers 132a and 132) include a small amount of
graphene 32¢, an eflect of reduction of equivalent series
resistance (ESR) of a multilayer ceramic electronic compo-
nent could be obtained, so the content of a base resin could
be included in a manner similar to the related art. Thus, an
impact mitigation effect due to the elasticity of the conduc-
tive resin layer could be obtained 1n a manner similar to the
related art.

Moreover, the first and second conductive resin layers
132a and 13256 1nclude a conductive metal 324 and a metal
3256 such as tin (Sn) having a lower melting point than the
conductive metal 32a, and the conductive carbon 32¢ con-
nects the conductive metal 32a and tin (Sn) 3256, so bending,
strength of a multilayer ceramic capacitor could be
improved and high electrical conductivity could be imple-
mented.

The conductive metal 32a¢ may be one or more selected
from the group consisting of copper (Cu), nickel (N1), silver
(Ag), and silver-palladium (Ag—Pd), but it 1s not limited
thereto.

A raw material of the dielectric layer 111 1s not particu-
larly limited as long as suflicient capacitance may be
obtained. For example, the raw material of the dielectric
layer 111 may be bartum titanate (BaT10,) powder particles.
Moreover, a material of the dielectric layer 111 may be
prepared by adding various ceramic additives, organic sol-
vents, plasticizers, binders, dispersing agents, and the like,
to powder particles such as barium titanate (BaTi10;) powder
particles, or the like, according to an object of the present
disclosure.

Here, a material, forming the first and second internal
clectrodes 121 and 122, 1s not particularly limited. For
example, the first and second internal electrodes 121 and 122
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may include at least one among silver (Ag), lead (Pb),
platinum (Pt), nickel (N1), and copper (Cu).

The first and second electrode layers 131a and 1316 are
directly connected to the first and second internal electrodes
121 and 122, respectively, to ensure electrical conduction
between the first and second external electrodes 130aq and
1306 and the first and second internal electrodes 121 and
122, respectively.

The first and second electrode layers 131aq and 1315 may
include a conductive metal, and the conductive metal may be
nickel (N1), copper (Cu), palladium (Pd), gold (Au), or
alloys thereotf, but an embodiment of the present disclosure
1s not limited thereto.

The first and second electrode layers 131aq and 1315 may
be a sintered electrode formed by sintering paste including
a conductive metal.

As described 1n the embodiment of FIG. 7, plating layers
140a and 1405 may be formed on the first and second
conductive resin layers 132a and 1325, respectively. The
plating layer 140a may include a nickel plating layer 141a
and a tin plating layer 142a. Likewise, the plating layer 1405
may i1nclude a nickel plating layer 1415 and a tin plating
layer 142b5. The mickel plating layers 141a and 14156 are
disposed on the first and second conductive resin layers
132a and 1325, respectively, while the tin plating layers
142a and 1425 may be disposed on the nickel plating layers
141a and 1415, respectively.

Table 1 below shows the results of 1nitial equivalent series
resistance (ESR) measurements and a crack incidence rate
measurement during evaluation of bending strength, while

changing the content of the conductive carbon 32¢, based on
the content of a conductive metal 32a and a metal 325

having a lower melting point than the conductive metal 32a,
included 1n the first and second conductive resin layers 132qa
and 1325 of a multilayer ceramic capacitor.

-

T'he conductive metal 32a was copper (Cu), the metal 325
having a lower melting point than the conductive metal 32a
was tin (Sn), and the conductive carbon 32¢ was graphene.

In Table 1, when a content ratio of copper (Cu):tin (Sn) 1s
9:1, the case 1n which graphene 1s included 1n an amount of
0 wt % corresponds to Comparative Example 1, because a
conductive carbon 1s not included. Moreover, 1n this case,
Example 1 1s a case in which the graphene 32c¢ 1s included
in an amount of 0.1 wt %, Example 2 1s a case 1n which the
graphene 32c¢ 1s included in an amount of 1.0 wt %, and
Example 3 1s the case 1n which the graphene 32¢ 1s included
in an amount of 5.0 wt %.

Next, the case 1n which a content ratio of copper (Cu):tin
(Sn) 1s 3:5, as the case 1n which the content of a metal having
a lower melting point than a conductive metal based on 100
parts by weight of the conductive metal 1s 100 parts by
weilght, corresponds to Comparative Examples 2 to 5.

In the cases of Comparative Examples 2 to 5, graphene 1s
included 1n the amounts of 0 wt %, 0.1 wt %, 1.0 wt %, and
5.0 wt %, respectively.

A multilayer ceramic capacitor according to each of
Comparative Example and Example was manufactured to
have a 3216 size (lengthxwidth 1s 3.2 mmx1.6 mm), and
Table 1 below shows the results of a crack incidence during
evaluation of mitial equivalent series resistance (ESR) and
bending strength of a multilayer ceramic capacitor.
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TABLE 1
0 0.1 1.0 5.0
addition amount of graphene wt % wt% wt% wt %
content ratio (9:1) of  equivalent series 20 17 8 5

resistance (ESR)

(m&2)

crack incidence (%) 0 0 0 0
during evaluation of

bending strength

copper{Cu):tin(Sn)

content ratio (5:5) of  equivalent series 5 5 5 5
copper(Cu):tin(Sn) resistance (ESR)
(m&2)

crack incidence (%) 80 80 80 80

during evaluation of
bending strength

Referring to Table 1, as the case 1n which a content ratio
of copper (Cu):tin (Sn) 15 9:1, in Comparative Example 1 1n
which graphene 1s included 1n an amount of O wt %, a value
of equivalent series resistance (ESR) of a multilayer ceramic
capacitor 1s high, which may be a problem.

Next, 1n the case, Comparative Examples 2 to 5, in which
a content ratio of copper (Cu):tin (Sn) 1s 3:5, the content of
tin (Sn) 1s significant, and thus, due to network formation
between tin (Sn), 1t can be seen that a crack incidence 1s high
during evaluation of bending strength.

On the other hand, as the case 1n which a content ratio of
copper (Cu):tin (Sn) 1s 9:1, in Examples 1 to 3, 1n which
graphene 1s included 1n the amounts of 0.1 wt %, 1.0 wt %,
and 5.0 wt %, respectively, while a value of equivalent series
resistance (ESR) of a multilayer ceramic capacitor was low,
cracking did not occur during evaluation of bending
strength, so 1t can be seen that reliability 1s excellent.

A multilayer ceramic electronic component according to
an embodiment of the present disclosure may be manufac-
tured as follows.

First, slurry formed including powder such as barium
titanate (BaTli10;) 1s applied on a carrier film and drnied to
prepare a plurality of ceramic green sheets, and thus a
dielectric layer 111 can be prepared.

Regarding a ceramic green sheet, a ceramic powder, a
binder, and a solvent are mixed to prepare slurry, and the
slurry 1s manufactured as a sheet having a thickness of
several um using a doctor blade method.

Next, conductive paste for an iternal electrode including
nickel powder 1s prepared.

The conductive paste for an internal electrode 1s applied
on the green sheet using a screen printing method to form an
internal electrode, and then a plurality of green sheets on

cach of which the internal electrode 1s printed are stacked,
and a plurality of green sheets, on which an internal elec-
trode 1s not printed, are stacked on upper and lower surfaces
of a stack structure and then sintered to manufacture a
ceramic body 110. The ceramic body includes first and
second internal electrodes 121 and 122, dielectric layers 111,
and upper and lower cover layers, where the dielectric layer
1s formed by sintering green sheets on which internal
clectrodes are printed, and the cover layers are formed by
sintering green sheets on which an internal electrode 1s not
printed.

The internal electrodes may be formed as first and second
internal electrodes.

First and second electrode layers 131aq and 1315 may be
formed on outer surfaces of a ceramic body 110 to be
clectrically connected to the first and second internal elec-
trodes 121 and 122, respectively. The first and second
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clectrode layers 131a and 1315 may be formed by sintering
paste including a conductive metal and glass.

The conductive metal 1s not particularly limited, but may
be one or more selected from the group consisting of copper
(Cu), silver (Ag), nickel (N1), and alloys thereof, and it 1s
preferable to include copper (Cu) as described above.

The glass 1s not particularly limited, but may be a material
having a composition the same as glass used to manufacture
an external electrode of a multilayer ceramic capacitor

according to the related art.

A conductive resin composition including copper 1is
applied to an exterior of the first and second electrode layers
131a and 1315 to form first and second conductive resin
layers 132a and 132b. The conductive resin composition
may 1nclude powder of a conductive metal 32a including
copper, tin (Sn) (1.e., a metal 325 having a lower melting
point than the conductive metal 32a), and a base resin 324,
and the base resin may be an epoxy resin, a thermosetting
resin.

According to an embodiment of the present disclosure,
the first and second conductive resin layers 132a and 1325
further include a conductive carbon 32¢ of 0.5 to 5.0 parts
by weight based on 100 parts by weight of the conductive
metal 32a.

The first and second conductive resin layers 132a and
13256 include 0.5 to 3.0 parts by weight of the conductive
carbon 32¢ based on 100 parts by weight of the conductive
metal 32a, so equivalent series resistance of a multilayer
ceramic capacitor according to an embodiment of the pres-
ent disclosure may be reduced.

Moreover, the first and second conductive resin layers
132a and 1326 include 0.5 to 5.0 parts by weight of the
conductive carbon 32¢ based on 100 parts by weight of the
conductive metal 324, so the bending strength of the mul-
tilayer ceramic capacitor according to an embodiment of the
present disclosure 1s improved, and the electrical conduc-
tivity 1s also increased.

In addition, the first and second conductive resin layers
132a and 1326 may include 10 to 50 parts by weight of tin
(Sn) (1.e., the metal 326 having a lower melting point than
the conductive metal 32a), based on 100 parts by weight of
the conductive metal 32a.

Tin (Sn), a metal 326 having a lower melting point than
the conductive metal 324, 1s included 1n an amount of 10 to
50 parts by weight based on 100 parts by weight of the
conductive metal 32a, and thus interfacial adhesion between
the electrode layers 131a and 1315 and the conductive resin
layers 132a and 1325 1s improved, so bending strength could
be 1mproved.

After formation of the first and second conductive resin
layers 132a and 1325), further forming of a nickel plating
layer and a tin plating layer thereon may be included.

FIG. § 1s a graph 1llustrating a nuclear magnetic resonance
(NMR ) analysis result of external electrode paste including,
graphene according to an embodiment of the present dis-
closure.

Retferring to FIG. 5, when nuclear magnetic resonance
(NMR) analysis 1s performed on paste of an external elec-
trode including graphene according to an embodiment of the
present disclosure, it can be seen that a peak due to an sp”
carbon 1s detected.

The peak a due to the sp* carbon could be detected in the
same manner when analysis 1s performed on an external
clectrode of a multilayer ceramic capacitor to which paste of
an external electrode including graphene according to an
embodiment of the present disclosure 1s applied.
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FIG. 6 1s a graph illustrating a Raman analysis result with
respect to a conductive resin layer including graphene
according to an embodiment of the present disclosure.

Referring to FIG. 6, a multilayer ceramic electronic
component 100 according to another embodiment of the
present disclosure includes a ceramic body 110 including a
dielectric layer 111 and internal electrodes 121 and 122,
clectrode layers 131a and 1315 respectively connected to the
internal electrodes 121 and 122, and conductive resin layers
132a and 13256 respectively formed on the electrode layers
131a and 1315 and including a conductive metal, a metal
having a lower melting point than the conductive metal, a
conductive carbon, and a base resin, and two peaks are
detected, 1n the Raman analysis of the conductive resin
layers 132a and 132b.

As 1llustrated 1n a Raman analysis graph of FIG. 6, 1n the
case ol Examples 1 to 3, as a sample of an embodiment of
the present disclosure, two peaks are detected. In the case of
Comparative Example 1, as a Raman analysis graph of
graphite, only one peak 1s detected.

In another embodiment of the present disclosure, the two
peaks are detected in a D band and a G band.

Moreover, 1n the case of Comparative Example 1, the only
one peak that 1s detected 1s 1n a G band.

In another embodiment of the present disclosure, the
conductive resin layers 132a and 1325 include graphene as
a conductive carbon.

In the Raman analysis of the conductive resin layers 1324
and 1325b, two peaks are detected because the conductive
resin layers 132a and 13256 include graphene, and a Raman
analysis graph may be diflerent with another carbon mate-
rial.

As set forth above, according to example embodiments of
the present inventive concept, a conductive resin layer of an
external electrode includes a conductive metal, a metal
having a lower melting point than the conductive metal, a
conductive carbon, and a base resin, and the contents of the
metal having a lower melting point than the conductive
metal and the conductive carbon are adjusted, so bending
strength may be improved, and a multilayer ceramic elec-
tronic component having high electrical conductivity may be
implemented.

While example embodiments have been shown and
described above, 1t will be apparent to those skilled 1n the art
that modifications and variations could be made without
C
C

leparting from the scope of the present disclosure, as
lefined by the appended claims.

What 1s claimed 1s:
1. A multilayer ceramic electronic component, compris-
ng:
a ceramic body including a dielectric layer and an internal
electrode:
an electrode layer connected to the internal electrode; and
a conductive resin layer disposed on the electrode layer,
and including a conductive metal, a metal having a
lower melting point than the conductive metal, a con-
ductive carbon, and a base resin,
wherein the conductive carbon 1s included 1n the conduc-
tive resin layer 1n an amount of 0.5 to 3.0 parts by
weight based on 100 parts by weight of the conductive
metal.
2. The multilayer ceramic electronic component of claim
1, wherein the metal having the lower melting point than the
conductive metal 1s tin (Sn).
3. The multilayer ceramic electronic component of claim
2, wherein the tin (Sn) 1s included in the conductive resin
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layer in an amount of 10 to 50 parts by weight based on 100
parts by weight of the conductive metal.

4. The multilayer ceramic electronic component of claim
1, wherein the conductive carbon 1s at least one of graphene,
carbon nanotubes, and carbon black.

5. The multilayer ceramic electronic component of claim
4, wherein the conductive carbon 1s graphene, and a length
of a long axis of the graphene of the conductive carbon 1s 0.2
nm to 10 um.

6. The multilayer ceramic electronic component of claim
4, wherein the conductive carbon 1s graphene, and a length
of a short axis of the graphene of the conductive carbon 1s
0.2 nm to 10 um.

7. The multilayer ceramic electronic component of claim
1, wherein the conductive carbon 1s provided as at least one
conductive carbon disposed i1n an area of 1 umxl um
(widthxheight) 1n a cross-section of the conductive resin
layer.

8. A multilayer ceramic electronic component, compris-
ng:

a ceramic body including a dielectric layer and an internal

electrode:

an electrode layer connected to the internal electrode; and

a conductive resin layer disposed on the electrode layer,
and including a conductive metal, a metal having a
lower melting point than the conductive metal, a con-
ductive carbon, and a base resin,

wherein the conductive resin layer has a composition
having two peaks 1n Raman analysis thereof.

9. The multilayer ceramic electronic component of claim

8, wherein the composition of the conductive resin layer has
the two peaks including a peak 1 a D band and a peak 1n a
G band.

10. The multilayer ceramic electronic component of claim
8, wherein the conductive carbon 1s graphene.

11. The multilayer ceramic electronic component of claim
10, wherein the graphene 1s included in the conductive resin
layer 1n an amount 01 0.5 to 5.0 parts by weight based on 100
parts by weight of the conductive metal.

12. The multilayer ceramic electronic component of claim
10, wherein a length of a long axis of the graphene 1s 0.2 nm
to 10 um.

13. The multilayer ceramic electronic component of claim
10, wherein a length of a short axis of the graphene 1s 0.2 nm
to 10 wm.

14. The multilayer ceramic electronic component of claim
8, wherein the metal having the lower melting point than the
conductive metal 1s tin (Sn).

15. The multilayer ceramic electronic component of claim
14, wherein the tin (Sn) 1s included 1n the conductive resin
layer 1n an amount of 10 to 50 parts by weight based on 100
parts by weight of the conductive metal in the conductive
resin layer.

16. A multilayer ceramic electronic component, compris-
ng:

a ceramic body including first internal electrodes and
second internal electrodes that are alternately stacked
with dielectric layers disposed therebetween; and

first and second external electrodes disposed an external
surface of the ceramic body and respectively connected
to the first and second internal electrodes,

wherein each of the first and second external electrodes
includes a conductive resin layer including a conduc-
tive metal, a metal having a lower melting point than
the conductive metal, a conductive carbon, and a base
resin, and
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content of the conductive carbon in the conductive resin

layer 1s 0.4 wt % to 5.0 wt %.

17. The multilayer ceramic electronic component of claim
16, wherein the conductive carbon 1s at least one of graphene
and carbon black.

18. The multilayer ceramic electronic component of claim
16, wherein the metal having the lower melting point than
the conductive metal 1s included in the conductive resin
layer 1n an amount of 10 to 50 parts by weight based on 100
parts by weight of the conductive metal in the conductive
resin layer.

19. The multilayer ceramic electronic component of claim
16, wherein the first and second external electrodes are
disposed on respective opposing surface of the ceramic
body, and each include an electrode layer disposed between
the conductive resin layer and the respective opposing
surface of the ceramic body.

20. The multilayer ceramic electronic component of claim
16, wherein the conductive metal of the conductive resin
layer of the first and second external electrodes includes at
least one of copper (Cu), nickel (N1), silver (Ag), and
silver-palladium (Ag—Pd).

21. A multilayer ceramic electronic component, compris-
ng:
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a ceramic body including a dielectric layer and an internal

electrode:

an electrode layer connected to the internal electrode; and

a conductive resin layer disposed on the electrode laver,

and including tin (Sn), a conductive metal having a
melting point higher than tin (Sn), a base resin, and
graphene or carbon black,

wherein the tin (Sn) 1s included 1n the conductive resin

layer 1n an amount of 10 to 50 parts by weight based on
100 parts by weight of the conductive metal 1n the
conductive resin layer.

22. The multilayer ceramic electronic component of claim
21, wherein the graphene 1n the conductive resin layer 1s 0.5
to 5.0 parts by weight based on 100 parts by weight of the
conductive metal.

23. The multilayer ceramic electronic component of claim
21, wherein the carbon black in the conductive resin layer 1s
0.5 to 5.0 parts by weight based on 100 parts by weight of
the conductive metal.

24. The multilayer ceramic electronic component of claim
21, wherein a length of a long axis of the graphene 1n the
conductive resin layer 1s 0.2 nm to 10 um.

% o *H % x
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